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Preface

This is the Eighth Edition of the ANSI/CAN/UL 1446 Standard for Systems of Insulating Materials —

General.

UL is accredited by the American National Standards Institute (ANSI) and the Standards Council of

Canada (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for

accreditation of a Standards Development Organization.

This ANSI/CAN/UL 1446 Standard is under confinuous maintenance, whereby each revisio
in compliande with the requirements of ANSI and SCC for accreditation of a Standards
Organization|
publication, gction to revise, reaffirm, or withdraw the standard shall be initiated.

In Canada, there are two official languages, English and French. All safety warnings must
and English.| Attention is drawn to the possibility that some Canadian authorities may requ
markings andl/or installation instructions to be in both official languages.

r proposals for revisions on any part of the Standafdymay be submitted to UL
hould be submitted via a Proposal Request_ind UL's On-Line Collaborati
System (CSDS) at http://csds.ul.com.

Comments d
Proposals s
Developmen

UL's Standafds for Safety are copyrighted by UL. Ngither a printed nor electronic copy d
should be alfered in any way. All of UL's Standardsiand all copyrights, ownerships, and rig
those Standgrds shall remain the sole and exclusite property of UL.

To purchase |UL Standards, visit the UL Standards Sales Site at
http://www.shopulstandards.com/HowToOrder.aspx or call tollfree 1-888-853-3503.

This Edition

Insulating Syistems, STP 1446.

This list repre¢sents the STR 1446 membership when the final text in this standard was ballot
time, changes in the mémbership may have occurred.

STP 1446 Membership

h is approved
Development

In the event that no revisions are issued for a period of four years.fromp the date of

be in French
ire additional

L at any time.
e Standards

f a Standard
hts regarding

pf the Standard has been formally approved by the UL Standards Technical Panel (STP) on

ed. Since that
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STP 1446 Membership Continued on Next Page
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For further information on UL standards, please contact:

Underwriters Laboratories Inc.
171 Nepean Street, Suite 400
Ottawa, Ontario K2P 0B4
Phone: 1-613.755.2729

E-mail: ULCStandards@ul.com
Web site: ul.org

This Standard is intended to be used for conformity assessment.
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INTRODUCTION

1 Scope

1.1 These requirements cover test procedures to be used in the evaluation of Class 120(E) or higher

electrical insulation systems (EIS) for use in the United States, and Class 130(B) or higher EIS for use in
Canada, where the thermal factor is the dominating aging factor. These requirements also cover the
investigation of the substitution of non-electrical insulating materials (NIM) components of insulation in a
previously evaluated insulation system and also the test procedures to be used in the evaluation of
magnet wire coatings, magnet wires, and varnishes.

1.2 These
established {|

1.3 These
refrigerants,

1.4 When any performance aspect of an end-product requirement is nat.covered by this

applicable st

1.5 These fequirements do not cover electrical insulation systems.Where transient overvoltd

discharge ar
for the applic

a) IEE
b) IEC

c) IEE

2 Units of Measurement

21 Values
approximate

3 Normatiy
3.1 The fol

may be ess¢
the referenc

hermal ratings for individual components.

requirements do not cover insulation systems exposed to radiation or ope
50aps, or other media that potentially degrade insulating materials.

hndard shall be used.

b present. Such electrical insulation systems shall’be’evaluated to the approp
ation. Such standards include, but are not limited.to the following:

FE C57.12.60;
[ 60034-18-31; or

E 1776.

stated without parentheses are the requirement. Values in parentheses are €
information.

e References

owing-standards are referenced in this standard, and portions of these referend
ntial for compliance. Electrical insulation systems covered by this standard sha
bd_installation codes and standards as appropriate for the country where

ings for/or alter

rating in oils,

standard, the

ges or partial
iate standard

Xplanatory or

ed standards
| comply with
the electrical

insulation system is to be used. When the electrical insulation system is infended for use in more than one
country, the electrical insulation system shall comply with the installation codes and standards for all
countries where it is intended to be used.

ASTM Standards

ASTM D1676, Standard Test Methods for Film-Insulated Magnet Wire

ASTM D1932, Standard Test Method for Thermal Endurance of Flexible Electrical Insulating Varnishes

ASTM D2307, Standard Test Method for Thermal Endurance of Film-Insulated Round Magnet Wire

ASTM D2519, Standard Test Method for Bond Strength of Electrical Insulating Varnishes by the Helical

Coil Test
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ASTM D3145, Standard Test Method for Thermal Endurance of Electrical Insulating Varnishes by the
Helical Coil Method

ASTM D3251, Standard Test Method for Thermal Endurance Characteristics of Electrical Insulating
Varnishes Applied Over Film-Insulated Magnet Wire

ASTM D5374, Standard Test Methods for Forced-Convection Laboratory Ovens for Evaluation of
Electrical Insulation

ASTM D5423, Standard Specification for Forced-Convection Laboratory Ovens for Evaluation of Electrical
Insulation

ASTM D5642, Standard Test Method for Sealed Tube Chemical Compatibility Test

ASTM E178, |Standard Practice for Dealing with Outlying Observations
CSA Standaids
CSA C22.2 Np. 0.17, Evaluation of Properties of Polymeric Materials

IEC Standards

IEC 60034-1§
— Test Procs
Systems Use

-31, Rotating Electrical Machines — Part 18-31.“Functional Evaluation of Insula
dures for Form-Wound Windings — Thermal* Evaluation and Classification
1l in Rotating Machines

fion Systems
of Insulation

IEC 60172, Jest Procedure for the Determinatiof’ of the Temperature Index of Enamelleéd and Tape
Wrapped Winding Wires

IEC 60317, Specifications for Particular.Types of Winding Wires

IEC 60455-2,|Resin Based Reactive Compounds Used for Electrical Insulation — Part 2: Methpds of Test
IEC 60455-3,| Resin Based Reactive Compounds Used for Electrical Insulation — Part 3: Spetifications for
Individual Maferials

IEC 60493-1)| Guide.for the Statistical Analysis of Ageing Test Data — Part 1: Methods Based on Mean

Values of Nof

mally Distributed Test Results

IEC TR 60493-2, Guide for the Statistical Analysis of Ageing Test Data — Part 2: Validation of Procedures
for Statistical Analysis of Censored Normally Distributed Data

IEC 60505, E

valuation and Qualification of Electrical Insulation Systems

IEC 60851, Winding Wires — Test Method

IEC 61033, Test Methods for the Determination of Bond Strength of Impregnating Agents to an Enamelled
Wire Substrate

IEC 61857-1, Electrical Insulation Systems — Procedures for Thermal Evaluation — Part 1: General
Requirements — Low-Voltage
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IEC 61857-21, Electrical Insulation Systems — Procedures for Thermal Evaluation — Part 21: Specific
Requirements for General-Purpose Models — Wire-Wound Applications

IEC 61858-1, Electrical Insulation Systems — Thermal Evaluation of Modifications to an Established

Electrical Ins

ulation System (EIS) — Part 1: Wire-Wound Winding EIS

IEC 61857-31, Electrical Insulation Systems — Procedures for Thermal Evaluation — Part 31: Applications
With A Designed Life of 5 000 h or Less

IEEE Standards

IEEE 1, Re
Equipment a

IEEE 99, Reg
Insulation Sy

IEEE 101, G

IEEE 1776, A
AC Electric
and Below

IEEE C57.12
Distribution 1

NEMA Standgards

NEMA MW 1
UL Standarc
UL 746A, Po
UL 746D, Pog

4 Referend

pmimended Practice — General PHNcIpies Tor Temperatare Limits 1 the Ratiny
hd for the Evaluation of Electrical Insulation

commended Practice for the Preparation of Test Procedures for theThermal
stems for Electric Equipment

Lide for the Statistical Analysis of Thermal Life Test Data

Recommended Practice for Thermal Evaluation of Unsealed or Sealed Insulatio
lachinery Employing Form-Wound Pre-Insulated Stator Coils for Machines Rg

.60, Test Procedure for Thermal Evaluation,of Insulation Systems for Dry-Typ
[ransformers, Including Open-Wound, Solid-Cast, and Resin-Encapsulated Tran

000, Magnet Wire

s

lymeric Materials=Short Term Property Evaluations
lymeric Materials — Fabricated Parts

es

of Electrical

Evaluation of

n Systems for

ted 15 000 V

e Power and
sformers

4.1 Anyun

Hated reference to g code or standard nppnnring inthe rnqnirnmnnfe of this stas

dard shall be

interpreted as referring to the latest edition of that code or standard.

4.2

IEC test methods are the preferred test methods with the ASTM methods presented as technically

equivalent except where noted in Table 4.1. If a designation for a test method is followed by an alternate or
equivalent designation, in [brackets], the latter method can be considered technically equivalent, though
not necessarily identical, and might yield somewhat different numerical test results.
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Table 4.1
Test methods

ASTM Standards

ASTM D1676

ASTM D2307

ASTM D2519

ASTM D3145

ASTM D3251

ASTM D5642

ASTM E178

IEC Standards]

IEC 60172 [ASTM D2307]

IEC 60317 (all parts) [ASTM D1676]

IEC 60455-2

IEC 60455-3 (a|l sheets for individual resins) [ASTM D3251]

IEC 60493-1

IEC TR 60493- [ASTM E178]

IEC 60505

IEC 60851 (all parts)

IEC 61033 [ASTM D2519]

IEC 61857 (all parts)

IEC 61858-1 [ASTM D5642]

IEEE Standards

IEEE 1

IEEE 99

IEEE 101

NEMA Standaids

NEMA MW 1000
5 Glossary
5.1 For the purpose of this\standard, the following definitions apply:
5.2 APPARENT THERMAL INDEX — The unadjusted thermal index of an insulation system|derived from
a regression pnalysis of that system's thermal aging data, usually higher in value than the system's rated
temperature ¢lass.

5.3 CATALYST - A substance that alters (usually increases) the rate at which a reaction occurs without
being consumed into the reaction.

5.4 CURING AGENT — A substance or mixture of substances that promote or control the reaction

process and i

s consumed in the reaction.

5.5 CYCLE - A time period of heat exposure, which is used to induce deterioration at the specific aging

temperature,

followed by conditioning and diagnostic testing.

5.6 DEAD METAL - Metallic part that is at no electrical potential. With respect to the requirements in this
Standard, dead metal parts are to be considered the same as if they were at ground potential.
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5.6A DEFINED LIFE — The number of hours the EIS is suitable for use at the desired temperature class
as specified in Table 7.2.

5.6B DESIGNED SERVICE LIFE — The actual operational time of the device employing the EIS, which
may be in continuous or intermittent operation, as determined by the end use product manufacturer for the
expected life of the product at a thermal class rating as specified in Table 7.2.

5.7 EIS — ELECTRICAL INSULATION SYSTEM - Electrical insulating structure containing one or more
electrical insulating materials (EIM) together with associated conducting parts employed in an

electrotechnical device.

5.8 ELECT,

5.9 GENEF
IEC 61857-1

a) Th
stainl

Excef
as an

b) Th

0.20 mm? (18 AWG — 24 AWG) is able to be used.

5.10 GEON
value as the

511 LOG
divided by th
result in the g

A ol 1 H+ ' £ 4
= AT ayrcCu upuUlT LiasSoliuativlT, TTITT U

RAL PURPOSE MODEL (GPM) — A unit constructed in accordance with-the“sp
with specific description of the GPM in IEC 61857-21, except that:

e slot assembly, comprised of both inner and outer slot plates;/“shall be c
bss steel; and

ption: When stainless steel is not able to be used due to difficulty in material a
epoxy coating, or similar problem, cold rolled steel is able to be used.

b magnet wire shall be 0.82 mm? (18 AWG) unless unavailable, in which case

IETRIC MEAN — The n'" root of the produstof n values. Mathematically will resuy
og average.

AVERAGE — The antilog of the-quotient, defined as the sum of the logs as
e number of values as the divisor. Preferred method for calculating life but math
ame value as the geometricimean.

Y.5.5(C).

ecifications in

pnstructed of

Hhesion, such

any wire size

It in the same

the dividend,
ematically will

512 SAMPLE - Actual electrotechnical products, components thereof, or non-funciional models
representing| the product, e. g~general purpose model (GPM), used in the evaluation of|an insulation
system.

513 SYST

5.14 SYST

EM — An insulation system. See 5.7.

FM.COMPONENTS — Grouped as follows:

a) ELECTRICACINSULATING MATERIAC (EIM) (atso known as Major Compor

1ents) — The

components of an insulation system that are relied upon to prevent a risk of electric shock or fire.
Examples of this type of insulation include ground, interwinding, turn, encapsulant, and varnish.
See Table 5.1.

b) NON-ELECTRICAL INSULATING MATERIALS (NIM) (also known as Minor Components) — The
components of an insulation system that are used typically in mechanical or thermal conduction
capacities, and are not relied upon to prevent risk of fire or electric shock. See Table 5.1.

5.14A THERMAL ENDURANCE RATING - The defined life in hours of the EIS at the selected

temperature

class as specified in Table 7.2.
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Table 5.1
Common EIM and NIM

Type EIM NIM Definition/[Comments]

Balancing Compound - X A material applied to a rotor to reduce vibration.

(Motor Term)

Bobbin or Core Tube X X The form around which the conductor is wound. [It is an EIM when it is the

(Transformer Term) sole insulation between windings and grounded or dead metal. It is a NIM
when it is always provided with a supplemental EIM insulation between
isolated windings and grounded or dead metal.]

Crossover Insulation - X Component providing isolation between the magnet wire at the point where
it enters the coil and all subsequent layers or turns of wire to the winding to
which it is connected and to all other winding tirns or layers This insulation
may be in sheets, films, film tapes or it may be of material inclusive to the
molded coil form designed for that purpose.

Enameled Maghet/Winding X - Wire coated with an insulation of cured polymeric resin.

Wire

Encapsulant X - An EIM, usually a molding material which is typically cast or ijection
molded around the electrical insulation system (EIS) and is intended to
electrically insulate and protect the EIS»An encapsulant is a faterial used
to separate the windings from components at a different voltage or from
dead metal parts and also provides‘other safety protection. For example, be
separating the windings from the metal stack. Encapsulated devices do not
employ supplementary surrednding shells hence the encapsylant may
function as an electrical enclosure.

End Spider (Mdtor Term) X X The material provided.between rotor laminations and the wingling as it
passes from slot ta slot. [It is an EIM when no supplemental HIM insulation
is provided betweenconductors and ground. It is a NIM when| provided with
required groundiinsulation or a 0.8 mm (1/32 in) minimum air ppace
between conductors and the end spider.]

Filament Winding - Windings constructed of the type of wire typically used as leafl wires.

Fully Insulated Wire (FIW) X - Enameled magnet/winding wire with sufficient build to providg Zero High
Voltage Continuity Defects.

Ground Insulatipn X - The electrical insulation between the conductor and grounded or dead
metal.

Integral Ground X - A coating, such as epoxy, that is fused directly to the grounded or dead
metal core and serves as ground insulation.

Interwinding Ingulation X - An EIM placed between individual windings. [Does not apply fo material

(Transformer Tgrm) used between series-parallel windings in multi-voltage transf¢grmers where
the coils are physically separated by minimum safety spacing.]

Layer Insulatior - X The material interleaved between successive layers of an insplated

(Transformer Tgrm) conductor in the same winding. [Used in a mechanical application only, and
does not serve as electrical insulation.]

Lead Wire - X The insulated wire attached to the end of a winding to conneqt the device to
a CIfCUIt. [IT 1S identified as part of the system when Its insulaton enters the
confines of the winding or outer wrap. When used to form a magnetic
winding, it is identified as a filament winding.]

Litz wire (Transformer X X A bundle of magnet wire bound together by a strand of magnet wire or

Term) another material (dacron, fiberglass, aramid fiber, or similar materials). The
magnet wire portion of a Litz wire is considered an EIM component. The
non-wire portion wrapped or extruded around the bundle and/or core
material is considered a NIM component. [Typically used in high frequency
transformers.]

Magnet/Winding Wire X - An insulated conductor used in wound coils to provide a magnetic field.

Non-enameled X - Magnet/Winding Wires that are insulated with materials that are not applied

Magnet/Winding Wire via solvent removal and the curing of polymeric resins.

Table 5.1 Continued on Next Page
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Table 5.1 Continued

Type EIM NIM Definition/[Comments]

Outer Wrap X X The material that is placed over the final layer of winding. [It is an EIM when
there is not a 0.8 mm (1/32 in) minimum air gap separating it from grounded
or dead metal.]

Phase Insulation (Motor - X An EIM placed between adjacent windings of a multi-phase rotating device

Term) where coils are in direct contact with coils are different voltages and/or dead
metal parts.

Potting Compound - X A NIM which is placed in a permanent housing or enclosure where the
housing or enclosure (potting shell) remains as part of the construction of
the component. The potting compound functions for purposes such as
holding components in place. providing a means for heat dissipation, or
other NIM functions. If the potting compound was not part-ef the product the
component could still function properly.

Potting Shell - X The enclosure that holds the potting compound and insulation system.

Securement Tape - X Tapes used in mechanical applications only, and‘have not bgen evaluated
as electrical insulation within the system. Also Known as "an¢hor tape".

Shaft Tube or $haft X X The insulating tube between the shaft and windings. [It is an EIM when it

Hugger (Motor| Term) relied upon to provide the insulation betwéen the conductors|and shaft. It is
a NIM when provided with either required EIM insulation or 8 0.8 mm (1/32
in) minimum air space, between conductors and the shaft.]

Sleeving and Tubing - X Materials that typically arestised to cover electrical connectiops.

Slot Liner (Motpr Term) X - The material used in thexChannels of a rotor or stator that is rglied upon to
insulate the winding from grounded or dead metal parts.

Spacers, Wedges and - X Materials that are used in a mechanical capacity within the dpvice.

Topsticks

Tie Cord - X Strings, cords or cable ties that are used for mechanical seclirement.

Touch-Up or Oyercoat - X A material typically applied over the insulating varnish for aepthetic

Varnish purposes.

Turn Insulation X — Any material relied upon to electrically isolate adjacent condyictors. [For
example: magnet/winding wire insulation, sheet materials and filament
windings' insulation.]

Varnish and Inpregnating X X A liquid insulator which coats or impregnates the coil and is then cured. [ltis

Resin an EIM component when a varnish was present in the original full thermal
aging where it may have contributed to the overall performarice of the
system.]

Window Insulation X X A material used to supplement an air gap between a winding and grounded

(Transformer Term) or dead metal. [It is identified as EIM when the air gap separgting the
insulation from the grounded or dead metal is less than 0.8 mim (1/32 in).]
Also known as "core window insulation”.

Note: X meanq this.type of material complies with the EIM and/or NIM designation.

PERFORMANCE CRITERIA

6 Insulation Systems

6.1 General

6.1.1 Electrical insulation systems shall be evaluated following the guidelines as set forth in IEC 60505.
A full thermal aging program, in conjunction with a qualified reference insulation system, test protocol and
sample requirements, is specified in Section 7, Electrical Insulation Systems — Full Thermal Aging for this
purpose.

6.1.2 An insulation system shall be investigated to determine whether the components within an
insulation system are compatible and to establish a temperature class for the system.
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6.1.3 Insulating materials having different assigned temperature classes are able to be combined to form
an insulation system having a temperature class that is higher or lower than that of any of the individual
components.

6.1.4 The compatibility of an insulating material with other materials in the same insulation system shall
be investigated to determine whether thermal aging of such components makes the system susceptible to
unacceptable deterioration that inhibits intended performance in normal service at the assigned
temperature class of the system.

6.1.5 The compatibility of an EIS with one or more separate EIS in proximity to it shall be investigated

when the EIS are in direct contact with each other. For example, a transformer primary coil that is wound

directly over
EIS used wit
them.

6.1.6 Cons
including thic
operating tem

in a single device is not required when at least a 3.05 mm (0.125 in) air spa

ructional features, such as mechanical and electrical properties (of-lead-wi
kness and type, thickness and dielectric strength of a component,«electrical s
peratures, shall be evaluated in the end-use product.

6.2 EIS components

6.2.1 EIS ¢
varnish/impreg

bmponents include magnet/winding wire, ground insulation, encapsulant, phas
gnating resins, wedges, tapes, lead wire, tie cordy.sleeving, and all similar parts.

ore separate
Ce separates

e insulation,
pacings, and

te insulation,

6.2.2 For the purpose of documenting materials and-facilitating component substitutions, information
concerning insulation system components shall be obtained prior to testing. The information shall include:
a) Manufacturers' name and catalog numbgers or the equivalent;
b) Thicknesses of EIM components (Where appropriate), including the thickness of each layer of a
lamingte; temperature classes,. When appropriate; the temperature class and sgtyle or type
designation of each type of lead wire; and
c) Other appropriate information.
6.2.3 Bobbins intended for-Use as ground or interwinding insulation that are molded frgm polymeric
materials shall comply with"UL 746D or CSA C22.2 No. 0.17.
6.2.4 When utilized in a full thermal aging program, sheet materials used as turn insuldtion in bare-

conductor covrfigurations shall be evaluated in the same manner as magnet wire.

6.2.5 A coating resin intended for use as integral ground insulation shall comply with the requirements
specified in Section 7, Electrical Insulation Systems — Full Thermal Aging.

6.2.6 A lead wire having a temperature rating that is more than 5°C (9°F) lower than the temperature
rating of the insulation system in which it is connected shall be compatible and shall be separated from the
windings by a barrier or envelope of a material compatible with the system. The temperature rating of the
lead wire shall not be less than that specified in Table 6.1.

Exception: Lead wire that has been evaluated for use in the insulation system by means of at least a one
temperature thermal aging program is not required to comply with this requirement. See SA7.1.1(e) and
SA7.2.1(e).
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Table 6.1
Lead wire temperature ratings

Minimum lead-wire temperature rating
Insulation system class °C (°F)
120(E) 90 (194)
130(B) 90 (194)
155(F) 125 (257)
180(H) 150 (302)
200(N) 180 (356)
220(R) 200 (392)
240(S) 220 (428)

6.2.7 The
system requi

an insulation
dings.

ise of metal foil or an adhesive backed metal foil tape used as shielding in
res a suitable ground or interwinding insulation between the meta). foil and all win

6.2.8 The
system requi

se of metal foil or an adhesive backed metal foil tape used, te.make a winding irf an insulation

res a suitable turn insulation between consecutive turns.
6.2.9 Anyn direct contact
with the wind

haterial or component existing outside the outer wrapof the device and/or not in
ing insulation is considered not to be part of the EIS:

PERFORMANCE TESTS
7 Electrical Insulation Systems — Full ThermabAging
71

Genergl

ce insulation

7.1.1 Repr
system shall
of the aging
and the data

the reference

bsentative samples of thecandidate insulation system and a qualified refere
be subjected to a full thermal aging, consisting of a minimum of three tempera
temperatures, samples shall be subjected to a cycling program, undergo diag
from all temperatures shall be analyzed to determine a thermal class rating by ¢
system.

:I‘U

res. At each
hostic testing,
omparison to

71.2 Addi:f‘onal components not present in the thermally aged samples shall be added by methods
outlined in Stipplement SA.

7.2 Samples

7.2.1 Test samples of either an operating part or a representative construction shall include all EIM

components, and any additional NIM components, assembled to represent the intended end-use
insulation system. Test samples of an open-type (non-encapsulated) system are not representative of an
encapsulated system. Materials acting in a ground, interwinding, or encapsulating capacity shall be tested
in the minimum thickness. When subsequent thickness reduction is required, see SA6.3.

7.2.2 Test samples representative of an encapsulated system shall be subjected to a thermal aging
program per Section 7, Electrical Insulation Systems — Full Thermal Aging.

7.2.3 The winding configuration of the intended end-use insulation system is to be represented in the test
samples. Tests on a random wound construction are determined to be representative of other winding
configurations such as layer wound or precision wound, and not the opposite. Lead wires are to be
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additionally protected beyond where they emerge from the windings, so that contact with sample frames
does not occur. The protection is to be an inert material, such as unimpregnated glass-fiber tubing, that is

not able to int

eract with the insulation system.

7.2.4 The number of samples in a group for each aging temperature shall not be less than:

a) Six

samples of an operating part containing the insulation system;

b) Ten samples of a non-functional aging specimen representative of the insulation system; or

c) Ten

7.2.5 AstedfT

also be teste
aging test pro

726 Toqu

a) The

therm

Excep
substi

b) Th
insula

c) The
(i. e.,
encap

d) The
diame

e) The
refere

f) Are
and

g) The
insula

alify as a reference/candidate pair, the following conditions must be met:

ally aged.

samples of a relay or solenoid coil.

are dependent upon variations in e ONdAitions, a reference insulator
j in the same manner as the candidate insulation system to correlate results-o
gram to intended service conditions.

reference system shall be a unique combination of materials that has bee

tion: When some of the original materials are no longer available, they are to |
uted with other materials that are agreed by all interested parties to be similar.

e reference system shall have field-service, history of operation supporting
ion system temperature class;

physical construction of the candidate shall be the same as the reference insu
heneral purpose model to general _purpose model (GPM), solenoid coil to §
sulated coil to encapsulated coll, ete:);

magnet wire gauge size of thie-turn to turn insulation of the candidate shall be v
ter or 3 AWG sizes for bare:conductor of the reference insulation system;

turn to turn wire insulation build of the candidate system shall be equal to or thi
nce.

ference insulation system shall be tested concurrently with any candidate insul

ion.system in accordance with 7.3.1.1.

system shall
f the thermal

n previously

be deleted or

the specific

ation system
olenoid coil,

ithin 0.2 mm

hner than the

htion system;

reference insulation system shall be thermally aged in the same oven Type as the candidate

Exception No. 1: When all interested parties agree, reference data is able to be used for five years,
following completion of the reference system's aging, when neither the equipment, test methods,
nor test conditions have changed in the interim.

Exception No. 2: When a reference is not agreed upon by all parties, a fixed correlation time of
40,000 h shall be used.

h) All parties shall agree upon the testing protocol before testing can begin.

7.2.7 In order to detect faulty sample configurations or individual defective samples, all samples shall be
screened before thermal aging begins by subjecting all samples to one full exposure cycle, except for the
oven aging, then subjected to the appropriate diagnostic tests in accordance with 7.4. Samples that do not
meet the requirements in the diagnostic tests in 7.4 shall be eliminated from the test program and shall be
replaced with usable samples such that the number of samples remains in compliance with 7.2.4.
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7.3 Exposures

7.3.1 Heat aging

7.3.1.1 The thermal-aging ovens that are used in the aging program are to be calibrated using the
methods in ASTM D5374 and comply with ASTM D5423 for Type | (5 — 20 air changes per hour) or Type Il
(100 — 200 air changes per hour) ovens, primarily with respect to Rate of Ventilation, Set Temperature,
Temperature Variation and Thermal Lag Time. The use of either Type | or Type Il is acceptable provided
the reference and candidate samples are aged in the same Type.

7.3.1.2 The spread between aging temperatures is to be not less than 10°C (18°F) in order to minimize
the effect of

mallerrors-in measurina-and controllina-these temneraturaes.
J J ~ *

7.3.1.3 The aging temperatures shall be specified with the understanding that)'thg lowest test

temperature
and the high
at least 100
invalidating t

7314
temperatures
the final data|

7.3.1.5 For
— 72 h for the
temperature;

shall result in a log average or geometric mean time to end of test-life oflat lea
bst test temperature shall result in a log average or geometric mean|time to eng
h. An aging temperature that is too high sometimes results innnon-linear da
nat point, requiring testing at an additional lower temperature in order to obtain li

. When screening data meets the criteria specified in\7.3.1.3, it is capable of
analysis.

each aging temperature, there is to be an assignred initial aging cycle period, fo
highest temperature; 48 — 168 h for the nextllower temperature; 96 — 336 h for {
and 168 — 672 h for the lowest temperature.

7.3.1.6  With reference to 7.3.1.5, the initial @ging cycle period is able to be increased

doubled) wh
example, hal

7.3.1.7 For

a) Th
from {

bn less than one-half of the samples reach end of test-life after 8 cycles or d
ved) when one-third of the samples reach end of test-life within 3 cycles.

samples that are continuously energized and, as a result, are self-heating:

e temperature of @ single sample or a sample set shall not vary by more than %

he recorded temperature. The temperatures are to be measured by the change

methed or by thermocouples located on the samples. The aging period is determ
temperature stability is obtained and the temperatures are within tolefance. These
tempg¢ratures.are to be checked at least twice each thermal aging cycle, and not le

when

week

y; and

5t 5000 hours
of test-life of

ta, potentially

hear data.

Prgliminary screening tests are able to be used as anhaid in specifying the initial test

being used in

r example, 24
he next lower

for example,
ecreased (for

2°C (£3.6°F)
Lof-resistance
ned to begin

ss than once

b) A

eans of detecting end of test-ife during the thermal-aging test shattbe provid

or without a means of automatically de-energizing these samples.

7.3.2 Mechanical stress

7.3.21

d, either with

Following the heat aging phase of the cycle, a specific procedure for vibration conditioning is to

be determined and agreed upon by all interested parties. Once this procedure has been established,
consistency is to be maintained. Typical vibration conditioning procedures are specified in 7.3.2.2 —
7.3.2.5. Externally applied vibrations are to be induced by a laboratory grade vibrator having accurately
controlled adjustments at the specified levels.

7.3.2.2 A non-functional specimen is to be stabilized at ambient temperature, vibrated for 1 h at a
frequency of 60 Hz and an acceleration of 14.7 m/s? (48.3 ft/s?), resulting in a peak-to-peak displacement
of 0.20 mm (0.008 in).
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7.3.2.3 A transformer is to be stabilized at ambient temperature, vibrated for 60 min at a frequency of 60
Hz and an acceleration of 14.7 m/s? (48.3 ft/s?), resulting in a peak-to-peak displacement of 0.20 mm
(0.008 in).

7.3.2.4 A functioning motor is to be stabilized at ambient temperature then subjected to mechanical
stress by one of the following methods:

a) Reversed or started and stopped 250 times per cycle;
b) The same as a non-functional specimen in 7.3.2.2; or

¢) The same as a transformer in 7.3.2.3.

7.3.25 Asdg
one of the foll

lenoid coil is to be stabilized at ambient temperature then subjected to mechan|cal stress by

pwing methods:

a) Assembled into a valve and operated 1,000 times at ambient temperature;

b) An appropriate impact test;

¢) Theg same as a non-functional specimen in 7.3.2.2; or

d) Thg same as a transformer in 7.3.2.3.

7.3.3 Cold shock

7.3.3.1  Theltemperature of the cold chamber is to be.controlled within £5°C (x9°F).

7.3.3.2 Wh
mechanical s
to the temper|
during the co

bn, based on the application, cold\shock is part of the conditioning cycle,
ress conditioning, samples are to, be placed in the cold chamber, which has bg
hture specified in Table 7.1. Thetémperature of the chamber and samples is to
nditioning. Conditioning ends*when the temperature of the sample stabilizes.

following the
en stabilized
be monitored
Stabilization

time varies with sample mass.

Table 7.1
Cold-shock temperatures
Temperature, °C (°F)
Application Indoor use Outdoor use
Motor Not specified Not specified
Coil other than a motor coil 0(32) -20 (-4)
Transformer Not specified -20 (-4)

7.3.4 Exposure to moisture

7.3.4.1 A laboratory grade humidity or condensation chamber, or equivalent, capable of maintaining the
specified humidity and temperature levels is to be used.

7.3.4.2 Samples are to be conditioned for 48 h at 92 — 100% relative humidity for indoor use applications
at not less than room ambient temperature. For equipment intended for outdoor use, the relative humidity
is to be 100% with surface moisture present on each sample and the amount of moisture at all points on
each sample is to be uniform. In either case, drops of water are to be prevented from falling from the top of
the humidity chamber onto the samples. A heated top or a tent suspended in the humidity chamber over
the samples is able to be used for protection.
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7.4 Diagnostic tests — determination of end of test-life

7.4.1 After exposure to moisture as described in 7.3.4, and while the samples are still in the humidity
chamber or immediately after removal, the test samples are to be subjected to the following tests to detect
winding-to-winding, winding-to-ground, and turn-to-turn breakdowns which is considered the end of test-
life. Dielectric voltages specified are usable to detect a material's end of test-life and shall not be used to

establish a voltage rating for the system:

a) For a non-functional specimen representing an operating part, dielectric stresses of 600 V
winding-to-winding and winding-to-ground, plus 120 V turn-to-turn are to be applied, each for 10
min. End of test-life shall be identified when a 0.75 A circuit breaker opens during either dielectric
stress test.

b) Fd
meas
an ad
of grg
the cq
as gr
wrap
Care
be dis

c) Fo
result
test-li
includ
and s
meas
the tir

742 Toco
having a caq
does not red
other than t
transformer i
leakage curr

7.4.3 Thed
sample has
breakdown ig

r a solenoid or relay type non-energized coil, either a shorted turns)‘\te
urements are to be used to detect turn-to-turn breakdown. A 10% increase’in in
ed coil as compared to an unaged coil is an indication of turn-to-turncbreakdow
und insulation is to consist of a dielectric stress winding-to-ground at\a voltage @
il's rated voltage plus 1,000 V. To determine the condition of outer‘wrap intend
bund insulation, coils are to be stressed winding-to-ground through the core
by means of immersion in lead shot, wrapping in metallic foil, or some equiy
s to be taken to avoid breakdowns at slots, end turns, and)bare edges, or such
counted in evaluating the data. The test voltage is to belapplied for 10 min.

ster or input
put current of
n. The check
f twice that of
bd to be used
and the outer
alent means.
results are to

- operating part samples that are continuously energized at their intended volt
are self-heating, such as a solenoid, transformer, or motor, the testing to de

age and as a

termine end of
fe shall be agreed upon prior to the start>of testing. This testing is not pgthibited from

ing, but not limited to, the opening of an evercurrent protective device, indiscri
topping of the device, changes in the. devices' insulation resistance or dielect
urements, or changes in the directionof a motor's rotation. When end of test-lif
ne in hours to that point shall be takén as the accumulated thermal aging time.

hduct the dielectric withstandstest specified in 7.4.1(a) and 7.4.1(b) above, a te
acity of at least 500 VAlis)to be used so that leakage current through the insd
ice the actual applied voltage below that indicated at the primary. However, a te
nat specified is netiprohibited from being used when the secondary potenti
5 monitored during-the test to determine that the required test voltages are not rg
ent.

nd of testHife for each sample shall be verified by repeating the dielectric stress

inate starting
ic dissipation
e is detected,

5t transformer
lation system
5t transformer
bl of the test
bduced due to

test after the

peen subjected to one additional complete cycle. The first detected and confirfned dielectric

considered the end of test-life for that sample.

7.4.4 With the exception of samples aged by self-heating, when the end of test-life has been verified the
time in hours is to be recorded as the accumulated thermal aging time for the first determination of end of
test-life minus one-half the time of the last oven aging cycle.

7.5 Analys

7.5.1

is and evaluation

In evaluating the performance of an insulation system, each sample that has reached end of test-

life shall be visually inspected. When a condition other than deterioration of insulation is attributed to the
end of test-life, such as a winding burnout due to a rusted or locked movable part, or decomposition of a
lead wire at a point remote from the system itself, the sample shall be omitted from the data set. When,
after omitting these samples from the data set, there remains less than five values in the set, the entire
data set shall be determined to be invalid.
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7.5.2 The system test-life is a function of temperature. The Arrhenius equation defined in 7.5.3, which
describes the temperature dependence of the velocity coefficient of chemical reactions, is able to be used
to model the relationship between system test-life and temperature.

7.5.3 The Arrhenius equation is capable of being simplified by taking the natural logarithms in the
following form:

In which:

E
log K=1log A——
g, g, RT

Kist

T is afjsolute temperature, Kelvin

Eist

Rist

Letting Y =log, K, a =log, A, b =-E/R, and X = 1/T, then Y =-a +bX. This relates the

Y and
(10) fi
above

754 Thise
hours) is a lin
and intercept
method of lir
reference sys
thermal class

7.5.5 Thefd

a) Det

In whi

specific rate of reaction

activation energy

gas constant

in the form of a linear equation, assuming a and bare-constant. In order to co
r calculation purposes, log, K is changed to logygK by dividing through both
equation by log, 10. The form of the equation remains unchanged.

quation, as applied in this case, indicates¢that the logarithm (base 10) of syste
ear function of the reciprocal of the absoltite temperature in Kelvin. The best fi
of the straight line that relates thesedwo variables shall be determined by the |
ear regression analysis. After the\regression equations for both the candig
tems are determined and plotted, a comparison shall be made in order to
of the candidate insulation system.

llowing steps shall be followed to determine the temperature class of a candidat

ermine the correlation time t; in hours of the reference system as given by:

M

C

t. = S T R—
= P 7397315

c

Ch:

fwo variables
nvert to base
sides of the

m test-life (in
of the slope
east-squares
ate and the
establish the

b system:

M, is the slope of the reference system's regression equation
B. is the ordinate intercept of reference system's regression equation

T, is the apparent thermal index of the reference system in °C (see 5.2)

b) Determine the apparent thermal index T in °C of the candidate system from:

_ M

= ———273.15
log ,t.— B

In which:
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M is the slope of candidate system's regression equation
B is the ordinate intercept of candidate system's regression equation
t. is the correlation time of reference system determined in (a)

c) Assign the temperature class of the candidate system by recording the highest system
temperature class (as given in Table 7.2) which does not exceed the apparent thermal index of the
candidate system.

Table 7.2
Maximum hot-spot temperatures of insulation systems

System class Maximum hot-spot temperature;
us Canada °C (°F)
120(E) - 120 (248)
130(B) B 130 (266)
155(F) F 155 (311)
180(H) H 180 (356)
200(N) Cc 200 (392)
220(R) C 220 (428)
240(S) C 240 (464)
Over 240(C) C Over 240 (Over 464)

7.5.6 _Figue 7.1 illustrates the regression lines~obtained as the result of aging the reference and
candidate systems at elevated temperatures. The time to reach end of test-life at each temperature was
used to cons}ruct the time-temperature plots.shown.
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Figure 7.1

Determination of insulation systems temperature class
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7.5.7 The reference system shown has a thermal index of 105°C (221°F). In this example, this known
system shows a correlation time of 35,000 h when tested in the manner described in this program.

7.5.8 The time-temperature plot of the candidate system under investigation intercepts the 35,000-h line
at an apparent thermal index temperature of 170°C (338°F). This system was then assigned a Class
155(F) temperature class (from Table 7.2), the highest class which does not exceed the 170°C apparent
thermal index.

7A Electrical Insulation Systems — Defined Life Thermal Aging

7A.1 General

7A1.1  For
representatiy
61857-31.

ours or less,
tlined in IEC

an EIS where the intended application has a designed service life of 5000
e samples of the candidate EIS shall be subjected to a thermal aging(as’o

i

7A.1.2 Additional components not present in the thermally aged samples shall be added by methods
outlined in Stipplement SA.

7A.2 Samg

7A.2.1 Tes
7.2, Samples

les

samples of the candidate insulation system shall be” prepared and screened
, with the exception that no reference insulation system is required.

7A.3 Test procedure

7A.3.1  Thse
Systems —
temperatures

7A.3.2 Pro
less shall util
desired temg

test procedure and samples are ‘thé same as outlined in Section 7, Electri
Full Thermal Aging, with the exception of the number of test samples an
as specified in Procedure A, Procedure B and Procedure C below.

cedure A (One temperatdre aging) — Applications with a designed service life of
ze ten (10) test samples and the aging test temperature shall be 10°C (18°F) h
erature class rating:with an heat aging cycle of 168 hours accumulating a min

as outlined in

cal Insulation
d aging test

1500 hours or
gher than the
mum of 1500

hours. If therg are no sample-failures 1500 hour will be achieved in 9 cycles.
7A.3.3 Pro
1500 hours,
time is reach

cedure B (Qne temperature aging) — If the samples tested under Procedure A have exceeded
he testing may be continued in the same manner until all samples fail or 5000 hours of aging
d, whichever comes first.

7A.3.4 ProCedure C({tWo temperature aging) — AS an atternative to PTocedures A and B for applications

with a designed service life of 5000 hours or less to be evaluated at two (2) elevated temperatures. The
higher test temperature shall utilize ten (10) test samples and are heat aged 30°C (54°F) to 35°C (63°F)
higher than the desired temperature class rating with a heat aging cycle period between 24 — 72 h. The
lower test temperature shall utilize ten (10) test samples and are heat aged 20°C (36°F) to 30°C (54°F)
higher than the desired temperature class rating with a heat aging cycle period between 48 — 168 h.

7A.4 Analysis and evaluation

7A.4.1 For Procedure A and B, If there are no sample failures prior to achieving the Defined Service Life
hours, then testing may be discontinued and the obtained hours of aging shall be used as the Defined Life.
If samples fail during the test procedure, the failure time is reported for each of the samples as described
in 7.4.4, and the average life of all samples is to be calculated as a geometric mean time for that
temperature and shall be used as the Defined Life.
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7A.4.2 For Procedure C, All samples tested at the higher aging temperature shall be aged to completion
of end of test-life as described in 7.4.4 and the average life of all samples calculated as a geometric mean
time. The lower aging temperature samples shall be aged to end of test-life as described in 7.4.4 with the
average life of all samples calculated as a geometric mean time. The highest and lower test temperature
geometric mean times shall be expressed as a linear function and the Defined Life is determined by
intercepting the line at the desired temperature class. The Defined Life result shall be rounded down to the
nearest 500 hour. The Defined Life shall not exceed 5000 hours.

Exception: Aging of the lower test temperature samples to end of test-life is not required if the
accumulated hours for the lower test temperature is sufficient when in combination with the completed
highest test temperature expressed as a linear function that results in the desired Defined Life at the
desired temperature class.

7A.4.3 For all three Procedures A, B and C, the Defined Life result shall be rounded dewn tp the nearest
500 hour and the Thermal Endurance Rating assigned shall be expressed as Thernial Clas$ / Hours (h).
e.g. 130(B) / [1500h; 130(B) / 2000h; 130(B) / 2500h; 130(B) / 3000h: 130(B) / 3500h) 130(B)|/ 4000h; 130
(B) / 4500h; 130(B) / 5000h and etcetera for each higher thermal class 155(F),180(H), 20Q(N); 220(R),
240(S).

MARKING
8 Details

8.1 An insuljation system shall be legibly and permanently.marked with the manufacturer's| name, trade
name, or trademark, and a distinctive catalog number or the equivalent.

Exception: The insulation system is not required-to be marked when it is intended to be used in the
manufacturenls end-use product, and when both the system and end-use product are |available for
examination at the same time and place.

8.2 When g manufacturer produces-or.assembles an insulation system at more than one factory, each
finished systgm shall have a permanent; distinctive marking by which it shall be identified as the product of
a particular factory.
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SUPPLEMENT SA (NORMATIVE)
Substitutions or Modification to an Electrical Insulation System

INTRODUCTION

SA1

SA1.1

Scope

The requirements of this supplement cover the substitution and/or modification to an electrical

insulation system established by a thermal aging test as described in Section 7, Electrical Insulation
Systems — Full Thermal Aging.

SA2 General

SA2.1 In arl insulation system for which a temperature class has been established by test;

modification
be determinsg

SA3 Non-E

SA3.1  Sub
subjecting
thermogravin
materials arg
to an aging t
a chemical ¢

q

Exception: N
such as a the

SA4 Magngt Wire and Winding Wire

SA4.1

SA4.1.1
type of magr
system.

Exception: T

SA4.1.2 Fo
for copper.

gamples to one or more short-term tests,

General

One magnet wire is able to be substituted for another without regard for the build

pf EIM and NIM components shall be evaluated and the necessity of additiona
d.

lectrical Insulating Materials (NIM) Components

stitution of an identical NIM component from an alternate. supplier shall be in
such (@s qualitative
netric analysis, dielectric strength, or other appropriatefests, to determine whet
at least equivalent to the original materials. A chemically different material shal
bst as described in Section SA7, Insulation Systems — One Temperature Therm
bmpatibility test as described in Section SA9, Sealed Tube Component Compati

0 additional testing is required for the substitution or addition of a thermal pro
rmal cut-off or thermal fuse.

et wire as defined-by NEMA MW 1000, it is the same as that used in the orig

he substitution of bondable magnet wires shall be evaluated to the requirements

r a given NEMA MW 1000 type magnet wire, aluminum conductors are able to |

substitution or
| testing shall

vestigated by

infraged analysis,

her substitute

be subjected
al Aging or to
ility Test.

ection device

when, for any
nal insulation

of SA4.3.

be substituted

SA4.1.3 For a given NEMA MW 1000 type magnet wire, the substitution of a copper conductor in an
insulation system originally evaluated with aluminum conductors necessitates the creation of a new
insulation system to be determined by an aging program in accordance with Section 7, Electrical Insulation
Systems — Full Thermal Aging.

Exception: Substitution of NEMA MW 1000 type MW 37C may be substituted in an EIS thermally aged
with NEMA MW 1000 type MW 35A magnet wire without the need for additional testing.

SA4.1.4 For a given enamel-coated magnet wire type, round and rectangular conductors are considered
interchangeable.

SA4.1.5 See Annex A — Information for Magnet Wire Substitution, for specifications of various NEMA
MW 1000 magnet wire types which are capable of being substituted for one another. Due to chemical
differences, solderable polyester basecoat wires are not generically similar to non-solderable polyester
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basecoat wires and are not suitable for substitution into an EIS thermally aged with non-solderable
polyester basecoat wire. However, non-solderable polyester basecoat wire may be substituted into an EIS
thermally aged with solderable polyester basecoat magnet wire.

SA4.2 Non-bondable magnet wire

SA4.2.1 Regardless of the type of conductor metal, one non-bondable magnet wire is able to be
substituted for another non-bondable magnet wire when the following conditions are met:

a) The wire's basecoat, by either qualitative infrared analysis or comparative chemical analysis, is
determined to be generically similar to that used in the original insulation system;

b) The_temperature class of the substitute magnet wire, as determined in accordance with IEC
60171 or ASTM D2307, is at least equivalent to the temperature class of magnet wirg used in the
original insulation system; and

c) He
equivg

SA4.22 Ar
the following

a) The

bt shock performance of the substitute magnet wire, as determined.in“SB4.
lent to the heat shock performance of the magnet wire used in the original insula

on-bondable Litz wire is able to be substituted for another nen-bondable magn
conditions are met:

magnet wire used to make the Litz bundle complies{with either SA4.1.1 or S

b, is at least
tion system.

et wire when

A4.2.1 when

compared to the magnet wire used in the original insulation system, and;

b) WH

en the Litz bundle is being held together with>anything other than a strand

magn

t wire or the magnet wire topcoat, such as a‘filament, braid or serving, the cg

the byndling material with the rest of the insulatioh’system has been investigated by
per Sgction SA7, Insulation System — One Temperature Thermal Aging or a chemical
test pgr Section SA9, Sealed Tube Chemical.Compatibility Testing.

SA4.3 Bon

SA4.3.1 On
evaluation pe

able magnet wire

e bondable magnet wire.is:able to be substituted for another bondable mag
r Section SA9, Sealed\Tube Chemical Compatibility Testing, when both of

conditions ar¢ met:

a) The
of be
detern

ng substituted“for the coating or coatings used in the original insulation
hined in accordance with SA4.2.1(a); and

b) Th¢ temperature class of the bondable magnet wire, as determined in accorda

60172
used i

or ASTM D2307, is at least equivalent to the temperature class of the bondable
n<the'original insulation system.

of the same
mpatibility of
an aging test
compatibility

et wire after
the following

magnet wire film.coating, or combination of coatings, exclusive of the bondcoat, is capable

system, as

hce with IEC
magnet wire

Exception: One bondable magnet wire is able to be substituted for another bondable magnet wire without
testing per Section SA9, Sealed Tube Chemical Compatibility Testing, when the bondcoat, either by
qualitative infrared analysis or comparative chemical analysis, is determined to be of the same basic
composition to that used in the original insulation system.

SA4.3.2 A bondable magnet wire is able to be substituted for a non-bondable magnet wire after being
tested per Section SA9, Sealed Tube Chemical Compatibility Testing, and test results evaluated to the
requirements in SA9.6 for any unvarnished thermally aged insulation system, when both of the following
conditions are met:

a) The magnet wire, exclusive of the bondcoat, is capable of being substituted for the magnet wire
used in the original insulation system as determined in accordance with SA4.2.1(a) and (c); and
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b) The temperature class of the bondable magnet wire, as determined in accordance with IEC
60172 or ASTM D2307, is not more than one temperature class below the temperature class of the
non-bondable magnet wire used in the original insulation system.

SA4.3.3 Bondable magnet wire without a supplemental varnish treatment substituted for a varnished
magnet wire necessitates the creation of a new insulation system to be determined by an aging program in
accordance with Section 7, Electrical Insulation Systems — Full Thermal Aging.

SA4.4 Non

SA4.4.1

-enamel coated conductors

An insulating material wrapped around a bare conductor or an interleaved turn insulating

material in a strip wound configuration is able to be incorporated into an insulation system when:

a) It s
7, Elg

b) Co

SA4.5 Non

SA451 A

wires, special transformer winding wires,.appliance wiring materials, single- and multi-Ig

winding wire

identical to the ground or interwinding insulation that was subjected to the agin
ctrical Insulation Systems — Full Thermal Aging; and

ndition (1) or conditions (2) and (3) are met:
1) The use thickness is equal to or greater than the thickness employed i
aging; or
stress the material was subjected to during aging,pér Section 7, Electri
Systems — Full Thermal Aging, based on 120 V turn-to-turn stress; and
3) Insulation systems that employ the thickness reduction per item (2) shall u

conductors in the appropriate thickness when-modified by testing per Section
Tube Chemical Compatibility Testing.

-enamel insulated winding wire

winding created using a wire ef.a type not covered by NEMA MW 1000, sug

shall be evaluated as patt.ef a new insulation system by means of an aging

g per Section

h the thermal

2) The use thickness is such that the volts-per-unit thickness stress is not gre¢ater than the

cal Insulation

ilize wrapped
SA9, Sealed

h as filament
yer insulated
program per

Section 7, Electrical Insulation Systems)— Full Thermal Aging.
SA4.5.2 The full thermal aging program to evaluate a non-enamel insulated winding wire irf an insulation
system shal| be conducted™ without additional electrical insulating material separating this wire from

grounded me
the final prod

SA5 Varnish

tal or anotherwinding if the wire will be used without additional electrical insulat
uct.

ng material in

SA5.1 Sub

SA5.1.1
SA5.1.8 shal

stitutevarnish

| be used in evaluating a substitute varnish.

For insulation systems that were originally evaluated with a varnish, the criteria in SA5.1.2 —

SA5.1.2 When the substitute varnish complies with SC2.4, no further testing is required to make the
substitution.

SA5.1.3 The temperature classes of both a substitute varnish and the varnish used in the originally
evaluated insulation system shall be determined by analysis of the thermal aging data on enameled
magnet wire from at least two of the tests specified in Table SC3.1. Data is valid only when the enameled
magnet wire is generically and thermally identical to that in the insulation system. A single varnish is
capable of having different temperature classes based upon the test method used.
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Exception: No thermal comparisons are made between varnishes for use with filament winding wires and
sheet materials used as turn insulation since these materials are not used in the determination of varnish
classes. Substitute varnishes proposed for use in systems utilizing these winding materials shall comply
with the requirements specified in Section SA9, Sealed Tube Chemical Compatibility Testing, or the
requirements described in Section SA7, Insulation Systems — One Temperature Thermal Aging.

SA5.1.4 Only data resulting from the same test are to be compared as required by SA5.1.3, SA5.1.5 and
SA5.1.6.

SA5.1.5 A substitute varnish having temperature classes equal to or greater than those of the varnish
used in the originally evaluated insulation system shall be evaluated per the requirements in Section SA9,
Sealed Tube Chemical Compatibility Testing, or per the requirements described in Section SA7, Insulation

Systems —One Temperature Thermal Aging

SA5.1.6 A gubstitute varnish having temperature classes for one or both tests not more‘th

lower than th
the requirem
described in

conditions ar

a) The

se of the varnish used in the originally evaluated insulation system shall be €
nts in Section SA9, Sealed Tube Chemical Compatibility Testing er(per the
ection SA7, Insulation Systems — One Temperature Thermal Aging;When all of]
met:

temperature class of the varnish/magnet wire coating combination resulting fro

pair aging test shall be no lower than that of the unvarnished magnet wire;

b) The

SA5.1.7 A
lower than th
class of the
unvarnished

thermn[
c) Te

SC3.1|.

twisted pair aging data to be compared shall be from,magnet wires that are g¢
lly identical to those in the originally evaluated insulation system; and

perature classes to be compared shall be based on the correlation times sped

ubstitute varnish having temperature>classes for one or both tests not more th
pse of the varnish used in the originally evaluated insulation system where the
varnish/magnet wire combination) resulting from the twisted pair is lower tha
magnet wire, shall be evaluated per the requirements described in Section SA

Systems — One Temperature Thermal Aging, when both of the following conditions are met:

a) Th
gener

b) Ten

SC3.1|

SA5.1.8 A
new insulatio
Systems — FU

b twisted pair aging, data to be compared shall be from magnet wire coati

perature classes to be compared shall be based on the correlation times sped

arnish\net complying with the requirements in SA5.1.2 — SA5.1.7 shall be eV
h system, by means of an aging program as specified in Section 7, Electri
INThermal Aging.

an one class
valuated per
requirements
the following

m the twisted

nerically and

ified in Table

an one class
temperature
n that of the
\/, Insulation

ngs that are

cally and thermally‘identical to those in the originally evaluated insulation systenp; and

ified in Table

aluated as a
al Insulation

SA5.2 Addi

SA5.2.1

tion of varnishes to systems originally evaluated without a varnish

varnish is permitted when all of the following criteria are met:

The addition of a varnish to an insulation system which was originally evaluated without a

a) The varnish/enameled magnet wire combination must have been investigated per SC2.1 with
the resulting twisted pair temperature class of the combination not more than one temperature
class below the temperature class of the unvarnished magnet wire as tested in accordance with

SB3.3

;and

b) Chemical compatibility of the varnish with the entire system shall be determined by one of the

followi

ng:

1) Section SA7, Insulation Systems — One Temperature Thermal Aging;
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2) Section SA8, Insulation Systems —Two Temperature Thermal Aging; or

3) Section SA9, Sealed Tube Chemical Compatibility Testing.

SA5.2.2 Failure to comply with SA5.2.1 necessitates the creation of a new insulation system, and
acceptability shall be determined by means of an aging of the varnished insulation system in accordance
with Section 7, Electrical Insulation Systems — Full Thermal Aging.

SA5.3 Modifying an EIS thermally aged with a varnish to an EIS thermally aged without a varnish

SA5.3.1

For EIS evaluated in accordance with Section 6, Electrical Insulation Systems — Full Thermal

Aging that included a varnish as an EIM component shall be evaluated with Section SA7, Insulation

)

aroaal apa—tact to-_chana tha ELIMNM oo

Systems —
component t

SA5.3.2 A
and further
evaluated wi

0 Tomoaratiire T nt o
PTC— T CTpPCTratarC— I riCTar 7 yygityg— (Cot O~ CrangC—thC— v COTTpoTCT T vart

nereby establishing the EIS as thermally aged without a varnish.

EIS that complies with SA5.3.1, shall be considered an EIS originally-aged wit
arnish substitution shall use criteria in SA5.2 — Addition of varnishes’to syst
hout a varnish.

SA6 Encapsulants, Ground, and Interwinding Insulation

SA6.1  Sub
to comply wit

SA6.2 Endg
generically s
or which dog
system by m
Thermal Agir

SA6.3 Eng
encapsulants
acceptance i
Thermal Agir

SA6.4 An-
reinforcemer
identical in ¢

stitution or modification of encapsulants, ground, or interwinding insulations sh3
h one of the requirements in SA6.2 — SAG.7.

apsulants, ground, or interwinding insulations*that employ a base resin

milar to an encapsulant, ground, or interwinding insulation specified in an insu
s not meet the criteria described in SA6:3"— SA6.7 shall be evaluated as a n
eans of an aging program in accordance with Section 7, Electrical Insulation S

g.

apsulants, ground, or interwinding insulations that are identical to, except
, ground, or interwinding insulations specified in a insulation system shall be
h the system based on an‘aging test per Section SA7, Insulation Systems — Ong

g.

ncapsulant, ground,>or interwinding insulation whose principal constituents (ba
t, flame retardant, heat stabilizer, and anti-oxidant) are found, based on docums

presently sp¢

both the follo

omposition_and proportion to those of an encapsulant, ground, or interwind
cified in an.nsulation system shall be accepted in the system without addition
ing conditions are met:

frish to a NIM

out a varnish
ms originally

Il be required

which is not
lation system
ew insulation
ystems — Full

thinner than,
evaluated for
Temperature

se resin, filler,
ntation, to be
ng insulation
al tests when

ckness of the

al; and

b) The substitute material differs from the presently specified material only with respect to
molecular weight, lubricant, nucleating agent, anti-static agent, colorant, particle size, or catalyst
(that by definition is non-reacting).

Exception: A plastic material that is related to a currently specified encapsulant, ground or interwinding
material that was originally investigated by testing per Section 7, Electrical Insulation Systems — Full
Thermal Aging, shall be accepted in the system without test when the material is found to be in the same
family based on documentation and complies with the polymer variation requirements specified in UL
746A or CSA C22.2 No. 0.17.

SAB.5 An encapsulant, ground, or interwinding insulation whose base resin, filler, reinforcement, and
curing agent is shown, based on documentation, to be similar in generic type and proportion to those of an
encapsulant, ground, or interwinding insulation presently specified in an insulation system and which differ
from that material in other respects shall be evaluated for acceptance in the system on the basis of a
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thermal aging test of the insulation system per Section SAS8, Insulation Systems — Two Temperature
Thermal Aging, when the following conditions are met:

a) The assigned relative thermal indices (electrical and mechanical) and minimum thickness of the
substitute material are equal to or greater than those of the presently specified material; and

b) The assigned relative thermal indices (electrical and mechanical) of the presently specified
material were established based on the material’s thermal aging, as opposed to generically
assigned.

SA6.6 Ground or interwinding insulation supplied as a film and demonstrated to be polyethylene
terephthalate by qualitative infrared analysis and whose source or grade designation differs from the
polyethylene terephthalate ground or interwinding insulation originally investigated in an insulation system
shall be accdpted in the system without additional tests when the assigned elecirical and mechanical
relative thermal indices and minimum thickness are the same or higher than those of the original material.

SA6.7 Ground or interwinding insulation consisting of one or more layers of adhesive-coate
from a backing material which is identical to a ground or interwinding insulation \material s
insulation system shall be accepted in the system when the following are met:

d tape made
ecified in an

docunpented; and

¢) Thg compatibility of the adhesive with the rest of therinsulation system has been in
an aging per Section SA7, Insulation Systems — @ne Temperature Thermal Aging g
compatibility test per Section SA9, Sealed Tube<Chemical Compatibility Testing.

SA6.8 Whep ground or interwinding insulation currently specified in the electrical insulati
laminated with an additional material (e.g. plastic film or paper), the new composite mats
accepted in the insulation system when (a) and(b), or (a) and (c), are met:

a) The thickness of the portion-of.the new composite material already specified for u
inding insulation is notess than the thickness specified for that material in the

b) Th
adhes

material laminated to the ground or interwinding insulation material, and th
ve, are currently specified in the electrical insulation system.

¢) Thg compatibility of the new composite material, including the laminating adhesive,
of the [insulation,'system has been investigated by an aging per Section SA7, Insulatig
One Temperature Thermal Aging or a chemical compatibility test per Section SA9,
Chem|cal:‘Compatibility Testing.

ing material
tem;

)

-

is suitably

estigated by
r a chemical

on system is
prial shall be

5e as ground
system.

e laminating
with the rest

n Systems —
Sealed Tube

SA6.9 The introduction of encapsulant material to an open-type system (non-encapsulated) necessitates
the creation of a new insulation system to be determined by an aging program per Section 7, Electrical
Insulation Systems — Full Thermal Aging.

PERFORMANCE TESTS

SA7

SA7A1

SA7.1.1

Insulation Systems — One Temperature Thermal Aging

General

order to evaluate certain system modifications, such as the following:

a) As an alternative to a chemical compatibility test when adding NIM components.

A one temperature thermal aging program is able to be used instead of full thermal aging in
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b) Reduction of thickness of any EIM in the EIS, including reduction down to a zero level.

¢) Modifying EIS thermally aged with a varnish (EIM) to an EIS thermally aged without a varnish
(NIM).

d) Qualification of an alternate varnish/magnet wire combination whose thermal indices are no
more than one temperature class lower than those of the varnish used in the originally evaluated
system, and whose twisted pair thermal indices are less than that of the unvarnished magnet wire.
See Section SA5.

e) Evaluation of a lead wire which is rated more than 5°C (9°F) below the system temperature class

rating

whereby one or both of the following conditions are met:

SA7.2 San

SA7.2.1
constructed,
Systems — F

a) Th
the c4

b) Th

D Thelead-wire-is-indirect contactwith-the-windings-orentersthe-outerwrap-
2) The rated temperature of the lead wire is below that referenced in Table 6.1

ples, exposures, and tests

Representative samples of the unmodified (original) and modified system

thermally aged, and tested in accordance with the criteria in~\Séction 7, Electr
LIl Thermal Aging, with the following exceptions:

e unmodified system represents the reference systenis.and the modified systg
ndidate system.

e reference and candidate systems shall be concurrently tested at one temperat

tempeérature shall be the same for both systems.

c) Th
which

d) WH

e test temperature specified is to be the temperature from the full thermal a
resulted in a log-average life closest{a 1,000 h (usually the second highest tem

en original materials are no longer available, they shall be deleted or substitute

matetlials when agreed to by all interested parties.

e) WH
samp
windi

en evaluating an alternate‘lead wire which is to be employed as described in
es shall be constructed such that the lead wire is in direct contact with t
ngs, except the lead.wire is not to be energized.

SA7.3 Analysis and evaluation

SA7.3.1 It

shall becassumed that the regression line slope of the candidate insulation systg

to the regre

bsion«slope of the reference system based on its original full thermal aging,

equations dif[er only in the value of the ordinate intercept.

s are to be
cal Insulation

m represents
ure only. This
ging program
perature).

d with similar

A7.1.1(e)(1),
he conductor

m is identical
and that the

SA7.3.2 The correlation time shall be established by combining the regression slope of the reference
system's original aging with the newly generated time-temperature data point for the reference system,
and then evaluating the resulting equation at the original apparent thermal index temperature of the
reference system.

SA7.3.3 The apparent thermal index temperature of the candidate system shall be established by
combining the reference system's original regression slope with the newly generated time-temperature
data point for the candidate system, and then evaluating the resulting equation at the correlation time
established above.

SA7.3.4 The following steps shall be followed to determine the correlation time and the apparent thermal
index temperature of the candidate insulation system:

a) Determine the correlation time t; in hours as given by:
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t, ex M -
«*Pro 707315

M
T,+273.15

t.=

In which:

M is the slope of the original (reference) system regression equation

T, is the apparent thermal index temperature in °C of the original (reference) system

T, is the aging temperature in °C of the reference (unmodified) system

t, is the time in hours to reach end of test-life for the reference (unmodified) sys

tem

b) De‘ermine the apparent thermal index temperature T in °C of the candidate jnsul

from:

In whi

SA7.3.5 In
chemical cha
(unmodified)
within £5°C (

temperature difference is greater than*t5°C (£9°F), then an aging as specified in Section S/

Systems — T
Systems — Fy

SA7.3.6

M

loglot

T —273.15

+__ M
T,+273.15

m m

Ch:
M is the slope of the original (reference) system regtession equation
t, is the correlation time in hours, determined iny(a)
T, is the aging temperature in °C of the candidate (modified) system

t,, is the time in hours to reach end of test-life for the candidate (modified) syste

prder for the candidate (modified),insulation system evaluated for the purpose

ation system

m

of evaluating

nges to be assigned the samg insulation system temperature class rating as the reference

system, the apparent thermaliindex determined for the modified insulation sys
F9°F) of the apparent thermal index determined for the original insulation syste

vo Temperature Thermal Aging or an aging as specified in Section 7, Electri
Il Thermal Aging shall be conducted to confirm the temperature class.

brder for the-canhdidate (modified) insulation system evaluated for the purpose

EIM compong

temperature ctas

nt insulation thickness reductions or modifying an EIS varnish EIM to NIM corm

tem shall be
M. When this
A8, Insulation
tal Insulation

of evaluating
ponent to be

system, the
b°C (£9°F) of
ation system

C (+9°F) o

within the same |nsulat|on temperature class an aglng as speC|f|ed in Sectlon SA8 Insulatlon Systems —
Two Temperature Thermal Aging or an aging as specified in Section 7, Electrical Insulation Systems — Full
Thermal Aging shall be conducted to confirm the temperature class.

SA8 Insulation Systems — Two Temperature Thermal Aging
SA8.1 General
SA8.1.1 A two-temperature thermal aging program is able to be used instead of full thermal aging in

order to evaluate certain system modifications. These modifications are the same as those referenced in
Section SA7, Insulation Systems — One Temperature Thermal Aging and additionally are able to include
the encapsulant, ground, or interwinding material substitutions as specified in SA6.5.
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SA8.2 Samples, exposures, and tests

SA8.2.1

Representative samples of the unmodified (original) and modified systems shall be constructed,

thermally aged, and tested in accordance with the criteria for full thermal aging per Section 7, Electrical
Insulation Systems — Full Thermal Aging, with the following exceptions:

a) The unmodified system represents the reference system, and the modified system represents
the candidate system.

b) The reference and candidate systems shall be concurrently tested at two temperatures only.
These temperatures shall be the same for both systems.

c) The test temperatures specified shall be any two which were employed in the full thermal aging

progr
d) WH

mateflials when agreed to by all interested parties.

SA8.3 Analysis and evaluation

SA8.3.1 TH
thermal agin
each referen|
data point.

SA8.3.2 O
analysis and

SA8.3.3 TN
determined b

In which:

t tyi

SA8.3.4 Th
for both the r|

a) De

m (usually the two highest temperatures).

en original materials are no longer available, they shall be deleted or substitate

e analysis and evaluation for a two point thermal aging,is.identical to that 9
g, as specified in SA7.3, except that the two time-temperature data points d

nce the mean time-temperature data points, have been determined, the twg
evaluation reduces to that of the one-temperature aging.

e arithmetic mean time t(ave) in hours far both the reference and candidate sys
y:

t(ave) = Jtit,

5 the corresponding time in hours to reach end of test-life

e following steps shall be followed to determine the arithmetic mean temperatur
ference and candidate systems:

d with similar

f a one point
etermined for

ce and candidate system shall be expressed as a single arithmetic mean timg-temperature

-temperature

tems shall be

e T(ave) in °C

fermine the arithmetic mean temperature T'(ave) in Kelvin as given by:
2T,
T'(ave) = ——=
1+ 1

In which:

T, T,'is the corresponding aging temperature in K

T'(K)is T (°C) + 273.15

b) Determine the arithmetic mean temperature T(ave) in °C by:

T(ave) = T'(ave)—273.15
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SA8.3.5 The correlation time t; in hours shall be determined by substituting t(ave) and T (ave) for the
reference system into the equation specified in SA7.3.4(a) where t(ave) is substituted for t, and T(ave) is
substituted for T,,.

SA8.3.6 The apparent thermal index T in °C of the candidate system shall be determined by substituting
t(ave) and T (ave) for the candidate system into the equation specified in SA7.3.4 (b) where t(ave) is
substituted for t,, and T(ave) is substituted for T,,.

SA8.3.7 In order for the candidate (modified) insulation system evaluated for the purpose of evaluating
chemical changes to be assigned the same insulation system temperature class rating as the reference
(unmodified) system, the apparent thermal index determined for the modified insulation system shall be
within £5°C (x9°F) of the original apparent thermal index determined for the reference system. When this

temperature
Insulation Sys

SA8.3.8 In

EIM compons
as the refere
system shall
insulation sy
When the res
as specified

determine the

SA9 Sealed
SA9.1

SA9.1.1 The
qualified belo

difference is grnafnr than +5°C (+Q° F), then an zging as Qpnrifind in_Sectio
tems — Full Thermal Aging shall be conducted to determine the temperature cla

brder for the candidate (modified) insulation system evaluated for the purpose
nt thickness reductions to be assigned the same insulation system temperaturg
nce (unmodified) system, the apparent thermal index determined for'the modifi
be either within +5°C (+ 9°F) of the apparent thermal index determined fo

ults do not fall within £5°C (x9°F) or within the same insulation temperature clg

in Section 7, Electrical Insulation Systems — Full Thefmal Aging shall be
temperature class.

Tube Chemical Compatibility Test

Genéral

V.

SA9.2 Glossary

SA9.2.1 BA
Insulation Sy
SA9.3.1(a).

SA9.2.2 EX
Insulation Sy
These are the

SA9.23 LO

SE EIS — The combination of materials/components subjected to Section 7
stems — Full Thermal Aging test. These are the items included in the referen

PANDED EIS'=*The combination of materials/components subjected to Section
stems — Full*Thermal Aging and Section SA9 — Sealed Tube Chemical Com
items. included in the Substitute Tube, see SA9.3.1(b).

IADLIST — The list of materials/components that need to be included in the Su

7, Electrical
5S.

of evaluating
e class rating
ed insulation
- the original

tem or be the same insulation system temperature class of\the original insulation system.

Ss, an aging
ronducted to

e test method for conducting Sealed Tube Tests shall be in accordance with ASTIM D5642, as

— Electrical
ice tube, see

7 — Electrical

batiblity Test.

bstitute Tube

(I Ty

that are inten

SA9.24 VA

SA9.2.5

SA9.3 Sam

SA9.3.1

fedto beaddedtothe base EtStocreate theexpanded £1S:

RNISH — Solvent based liquid insulator.

IMPREGNATING RESIN — Non-solvent based liquid insulator.

ples

In ASTM D5642, 7.1 shall be interpreted as follows:

a) Reference Tube — The tube is to contain only materials that were originally evaluated for the
insulation system. When the original materials are no longer available, they shall either be deleted
or substituted with materials that have been demonstrated to be equivalent in both composition and
performance to the original materials, as agreed to by interested parties. See SA2.1 and SA4 of
this Standard for criteria that shall be used to determine equivalency.
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